The synthesis and accumulation of aphid transmission factor protein (p18) in cauliflower mosaic virus (CaMV)-infected turnip protoplasts were examined in time course and pulse-labelling experiments, comparing an aphidnon-transmissible isolate (CM1841) with an in vitro recombinant aphid-transmissible CaMV (CMBX) generated from the CM1841 isolate. There was little difference in the synthesis and accumulation of p18 between CM1841-and CMBX-infected protoplasts. When the accumulation of p18 in infected leaves was monitored from 3 to 28 days post-symptom emergence (p.e.) by Western blotting, the amount of p18 accumulated in CM 1841-infected leaves continuously decreased from 3 days p.e. throughout the experimental period, whereas the amount of p18 in CMBX-infected leaves was lowest at 3 days p.e. and increased thereafter. These results suggested that CM 1841 differed from CMBX not in the synthesis of p18 but in the stability of p18 in infected leaves.
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The majority of cauliflower mosaic virus (CaMV) isolates are transmitted by aphids in a non-persistent manner (AT +) but some isolates are not (AT) (Lung & Pirone, 1973 , 1974 . Lung & Pirone (1974) reported that aphid transmission of CaMV requires an aphid transmission factor (ATF). The finding that active ATF is expressed from open reading frame (ORF) II of the CaMV genome in a baculovirus system (Blanc et al., 1993a) directly shows that ATF of CaMV is the product of ORF II, a protein of M r 18K (p18) detected in infected plant leaves (Armour et al., 1983 .
Some AT-isolates of CaMV (e.g. CM1841, Campbell isolate) retain ORF II intact (Gardner et al., 1981; Woolston et al., 1987) , but accumulate p18 in infected leaves at a lower level than AT + Cabb B-JI (Harker et al., 1987) . The studies using in vitro generated hybrid viruses have shown that the lack of aphid transmissibility in the Campbell isolate is not due to the upstream control sequence but due to an amino acid change (Gly to Arg) at position 94 , and that a HincII-XhoI fragment of ORF II, including the codon for the amino acid at position 94, is responsible for the low concentration of p18 in CM1841-infected leaves (Nakayashiki et al., 1991) . Recently, it has been shown that p18 of the CM1841 isolate, expressed in a baculovirus system, is an active ATF (Blanc et al., 1993 b) . These results suggest that the low concentration of p18 in infected plant cells is responsible for the loss of aphid transmissibility in the CM 1841 and presumably in the Campbell isolate. However, it remains unknown whether the low concentration of p18 in leaves infected with these AT isolates is due to low level of production or instability of p 18. There was no detectable difference in stability between p18 of the AT + Cabb B-JI and AT CM1841 isolates synthesized in a baculovirus system (Blanc et al., 1993b) .
In this work, we examined synthesis and accumulation of p18 in both turnip protoplasts and plants, comparing the CM1841 isolate with an in vitro recombinant AT + CaMV, designated CMBX. Results presented here suggested that CM1841 differed from CMBX not in the synthesis of p18 but in the stability of p18 in infected leaves.
A plasmid, pCaMV 10, containing one copy of CM 1841 DNA in pBR322 at the Sal! site was kindly provided by Dr R.J. Shepherd and Dr C. Matsui. The plasmid pCMBX consisted of the majority of pCaMV10 and a small HincII-XhoI fragment of ORF II from a Japanese AT + CaMV isolate, CaMV-M (Fig. 1 a) (Nakayashiki et al., 1991) . Plasmid pCa122 (Fig. 1 b) , containing a 1.2-mer (redundant end) copy of CaMV DNA to give a non-interrupted 35S transcript of the viral genome, was constructed using pCaMV10, as described by Tsuge e t al. (1993) . pCa122A + was constructed using pCMBX in-0001-1786 © 1993 SGM Gardner et al. (1981) .
stead of pCaMV10 for pCa122, pCa122 and pCa122A +, without excision from the bacterial cloning vector, were inoculated mechanically to each turnip plant at a concentration of 0.2 gg/~tl. Inoculated plants developed symptoms about 20 days post-inoculation (p.i.). There were no remarkable differences in symptom type and rate of symptom development between plants inoculated with pCa122 and pCa122A +. Rabbit polyclonal antiserum, anti-IB, was raised against a fusion protein [CaMV inclusion body (IB) protein fused with Protein A] expressed in Escherichia coli using expression vector pRIT2T (Pharmacia) (Nilsson et al., 1985) . A plasmid expressing IB-Protein A fusion products was constructed as follows. A 30 bp linker from pUC19 to generate the B a m H I site was inserted into the SacI site [position 5827 according to nucleotide numbering by Gardner et al. (1981) ] ofpCaMV10, then a 1.2 kbp B a m H I -H i n c I I fragment (linker-5827-7016) was inserted into BamHI-PstI-digested pRIT2T after filling out the PstI site. Expression and purification of the fusion protein and preparation of the antiserum were carried out as described by Horikoshi et al. (1988) . Anti-pl8 serum was prepared as described previously (Nakayashiki et al., 1991) . Turnip protoplasts were prepared as described by Furusawa & Okuno (1978) . Protoplasts were inoculated with CaMV and incubated as described by Furusawa et al. (1980) . Total proteins were extracted from CM1841-and CMBX-infected protoplasts (104 to 1.5 x 104 cells) at 24, 48 and 72hp.i., and accumulation of p18 was compared with that of IB protein using the Western blotting method. Accumulated levels of p18 and tB protein did not differ greatly between the CM 1841 isolate and CMBX at 48 and 72hp.i. (Fig. 2a, b) , but accumulation of both p18 and IB protein in CMBXinfected protoplasts was lower than that in CM1841-infected protoplasts at 24 h p.i. This could have been due to a delay in the infection cycle caused by the CMBX isolate having a lower infection efficiency than the CM1841 isolate in this experiment.
Protoplasts prepared from infected upper leaves about 10 days post-symptom emergence (p.e.) were pulse- labelled for 4 h with [~H]leucine and protein synthesis was analysed by fluorography following immunoprecipitation, as described by Horikoshi et al. (1988) . The intensity of signals on a fluorogram was measured using a densitometer (dual-wavelength TLC scanner CS-930; Shimadzu). Based on the densitometric value of signals, the relative ratio in the amount of p18 synthesized in CM1841-and CMBX-infected protoplasts at 10 days p.e. was estimated to be 1 : 1-18 (AT CM1841 :AT + CMBX).
Leaf discs (8 mm in diameter) were serially sampled from the same single leaves which had been systemically infected with the CM1841 isolate and CMBX from 3 to 28 days p.e. at 5 day intervals. Leaf discs were immediately stored at -7 0 °C until use. Frozen leaf discs were homogenized in 600 I,tl of extraction buffer (100 mMTris-HC1 pH 7.6, 10mM-EDTA), and total proteins were analysed by Western blotting. The level of accumulation of p18 in CM1841-infected leaves continuously decreased from 3 days p.e. through the experimental period, whereas the accumulation level of p 18 in CMBX-infected leaves was lowest at 3 days p.e. and increased thereafter (Fig. 3) . Similar results were obtained from five independent experiments.
Quantitative comparison of p18 in CM1841-and CMBX-infected leaves was carried out using leaf discs sampled at 3 and 28 days p.e. Serial two-or threefold dilutions of solubilized proteins were made in 1 x sample buffer (Laemmli, 1970) and analysed in Western blots using anti-pl8 serum. The intensity of signals on the membrane was measured for each dilution series by a densitometer, and then the ratios of p 18 in CM 1841-and CMBX-infected leaf discs were estimated. The ratio was approximately 1 : 2 to 1 : 4 (AT-CM 1841 : AT + CMBX) at 3 days p.e., whereas it was approximately 1 : 30 to 1 : 50 at 28 days p.e. Accumulation of CaMV D N A and IB protein in CM1841-and CMBX-infected leaf discs was monitored from 3 to 28 days p.e. using quantitative spot hybridization (Maule et al., 1985) and Western blots, respectively. There was no remarkable difference between CM1841 and CMBX in either viral D N A or IB protein accumulation patterns (data not shown).
Woolston et al. (1983) detected pl8 in the viroplasm fraction of AT + Cabb B-JI-infected leaves but failed to detect it in AT Campbell-infected leaves at 25 days p.i. using Coomassie blue staining. Using a more sensitive immunoblotting method, Harker et al. (1987) reported that p18 was detectable in the viroplasm fraction of leaves infected with the AT-Campbell or CM1841 isolates, but its concentration was very low. Our results were consistent with these reports when the protein accumulation was analysed at a later phase in infection. However, we found that p18 of the AT-CM1841 isolate accumulated in infected leaves to a level comparable to that of AT + CMBX at 3 days p.e., and that there was little difference between the CM1841 isolate and CMBX in the synthesis and accumulation of p18 in infected protoplasts. These results suggested that the synthesis rate of p18 in infected cells was similar for both the CM1841 isolate and CMBX. The accumulation pattern o f p l 8 demonstrated the degradation o f p l 8 in CM1841-infected leaves. Thus, the lower level of accumulation of p18 in CM1841-infected leaves is likely to be ascribable to the degradation of the protein in plant cells. Since the CM1841 isolate differs from CMBX in the H i n c I I -X h o I fragment of ORF II which encodes amino acid differences at positions 29, 89 and 94, p18 of the CM1841 isolate may be made unstable in plant cells by the amino acid difference.
In contrast, Blanc et al. (1993 b) showed that there was no detectable difference in the stability of p 18s expressed from ORF II of the AT + Cabb B-JI or AT-CM1841 isolates in a baculovirus system. Indeed, p 18 of CM 1841 accumulated to a level similar to that of CMBX in turnip protoplasts. Degradation of p18 might not occur or may require a longer time in protoplasts, or might only occur in plant tissues.
Degradation of p l 8 in CM 1841-infected leaves can be explained in two ways. The first possibility is a decrease in stability of plS. Amino acid alterations may create a recognition site within p18 of the CM1841 isolate for some proteinase, or may make the conformation of the CM1841 p18 sensitive to proteolysis. Secondly, the change of localization or form of p18 in infected cells may result in an increased likelihood of it being degraded. Espinoza et al. (1991) reported that p18 of AT ÷ Cabb B-JI formed a distinct IB in infected plant cells which was not observed in infection with AT-CaMV isolates including the Campbell isolate. These forms may be required for p18 to be stable and functional.
Recently, Blanc et al. (1993b) showed that p18 of the CM1841 isolate expressed in a baculovirus system has ATF activity, and suggested that the low concentration of p18 in Campbell-or CM1841-infected plants may be responsible for the lack of aphid transmissibility in these isolates. Our results showed that the amount of p18 in CM1841-infected leaves was comparable (25 to 50 %) to that in CMBX-infected leaves at 3 days p.e. However, we have not observed aphid transmission of CM 1841 so far, even when tested at 3 days p.e. when CMBX was transmitted by aphids at a slightly lower efficiency than at a later period (data not shown). The frequency of aphid transmission of the CM1841 isolate may be too low to be detectable using the usual aphid transmission test or the concentration of p18 in CM1841-infected leaves may be below the threshold for successful aphid transmission. We cannot rule out the possibility, however, that some property conferring the ability of pl 8 to form transmissible complexes in plant cells may be lost as a result of amino acid substitutions in the CM1841 isolate. More investigation will be required to clarify this point.
p18 of CMBX ran a little faster than that of CM1841 in SDS-PAGE (Fig. 2a) . This electrophoretic migration difference was observed in plSs expressed in whole plants, protoplasts, E. coli and a wheatgerm extract in vitro translation system (data not shown). Amino acid differences between the CM1841 and CMBX p18 proteins may cause this migration difference.
